Introduction {#s1}
============

Hepatocellular carcinoma (HCC) is the third commonest cause of cancer-related death worldwide [@pone.0095889-Jemal1]. Its prognosis is related to the tumor stage and to the patient\'s underlying liver function. As extrahepatic metastases are present in 13.5--42% of patients at the time of diagnosis [@pone.0095889-Katyal1]--[@pone.0095889-Si1], adequate pretreatment staging of HCC is important [@pone.0095889-ElSerag1]--[@pone.0095889-Llovet1].

Positron emission tomography/computed tomography with 18F-fluorodeoxyglucose (^18^F-FDG PET/CT) is useful for diagnosis, staging, and monitoring treatment response in patients with liver neoplasms [@pone.0095889-Kim1]--[@pone.0095889-Sugiyama1]. It is more powerful in detecting extrahepatic metastases of primary HCC than the conventional imaging methods using ultrasonography (US), computed tomography (CT), and magnetic resonance imaging (MRI) [@pone.0095889-Yoon1], [@pone.0095889-Sugiyama1]. Recently, a systematic review and meta-analysis concluded that ^18^F-FDG PET/CT has good diagnostic performance on metastatic or recurrent HCC, with significantly better sensitivity and specificity in detecting metastatic HCC than the conventional imaging methods [@pone.0095889-Lin1].

The prognosis of patients with HCC with extrahepatic metastasis is extremely poor. Although common sites of extrahepatic metastases of HCC using CT and autopsy studies have been reported [@pone.0095889-Natsuizaka1]--[@pone.0095889-Tanaka1], the role of ^18^F-FDG PET/CT in the detection of these metastases is still unclear. This study was conducted to find out in patients with HCC, the relative frequency, incidence and locations of extrahepatic metastases using ^18^F-FDG PET/CT. The risk factors of long-term survival of patients with extrahepatic metastases would also be determined using univariate and multivariate analyses on clinicopathological data.

Patients and Methods {#s2}
====================

All patients gave written informed consent to this study which had been approved by the Institutional Review Board of the Southwest Hospital, Third Military Medical University. Between August 2003 and November 2011, consecutive patients who were diagnosed to have HCC according to the diagnostic criteria of the European Association for the Study of the Liver were routinely evaluated by ^18^F-FDG PET/CT. A diagnosis of HCC was made when two different imaging examinations revealed typical features of HCC in a patient with an elevated α-fetoprotein level (≥400 ng/mL) or when there was a histologic diagnosis of HCC.

^18^F-FDG PET/CT procedure and Interpretation {#s2a}
---------------------------------------------

The ^18^F-FDG PET/CT (Discover LS; General Electric Medical Systems, Milwaukee, WI) examinations were carried out using a standard protocol. The patient was fasted for at least 6 hours before imaging. Serum glucose levels measured at the time of ^18^F-FDG injection were \<130 mg/dL in all the patients. A low-dose non-contrast CT scan was obtained first for attenuation correction. Then, a transverse emission scan was initiated from proximal feet to head with five bed positions about 1 hour after administration of 320--450 MBq of ^18^F-FDG. The attenuation-corrected ^18^F-FDG PET/CT images were interpreted by the consensus of two or more experienced nuclear medicine specialists who were unaware of the clinical information. The standardized uptake value (SUV) was assessed by the region of interest (ROI), which was drawn over the areas of maximum intensity in each lesion. A positive malignant ^18^F-FDG uptake was defined as an abnormal increase in comparison with the background activity in a normal contralateral structure or surrounding tissues, and vice versa. A final decision was made by consensus on evaluation of the results of the ^18^F-FDG PET/CT and characteristics of conventional workup.

Statistical Analysis {#s2b}
--------------------

Statistical analysis was performed using the chi-square test, Mann-Whitney U test or the Fisher exact test to compare discrete variables. The overall survival was defined as the time interval from the date of diagnosis to the date of death from any cause or to the last visit before the date of censor of this study on November 30, 2011. The survival rate and the mean survival time were estimated by the Kaplan-Meier survival analysis. Difference in survival between the groups was assessed by the log-rank test. All the statistical analysis was performed with SPSS 13.0 for Windows (SPSS Inc., Chicago, IL, USA), and a *P* value \<0.05 was considered statistically significant.

Results {#s3}
=======

Of 451 patients who were diagnosed to have HCC during the study period, 132 were found to have extrahepatic metastases (29.3%). There were 104 men and 28 women. The median age was 48 years (range 26--86 years). The median follow-up period was 26 months (range 6--100 months). [Table 1](#pone-0095889-t001){ref-type="table"} summarizes the clinical data of these 132 patients.

10.1371/journal.pone.0095889.t001

###### Characteristics of HCC patients.

![](pone.0095889.t001){#pone-0095889-t001-1}

  Variables                                                          n = 132
  ----------------------------------------------------------- ---------------------
  Sex (Male/Female)                                                  104/28
  Age (years) [\*](#nt101){ref-type="table-fn"}                     48(26∼86)
  Etiology(HBV/others)                                               105/27
  Performance status (PS)(0/1/2/3/4)                               69/52/8/2/1
  Serum albumin (g/L) [\*](#nt101){ref-type="table-fn"}           39.6(24∼54.6)
  Total bilirubin(µmol/L) [\*](#nt101){ref-type="table-fn"}      16.3(5.6∼338.2)
  Prothrombin time (s)                                           12.7(10.4∼23.9)
  AFP level (ng/mL) [\*](#nt101){ref-type="table-fn"}          12.3(0.2∼1123156.0)
  Child--Pugh grade(A/B/C)                                          108/20/4
  Portal/hepatic vein invasion(Yes/No)                                51/81
  CLIP Score(0/1/2/3/4/5/6)                                    5/12/18/52/32/11/2
  TNM stage(III/IV)                                                   5/127
  BCLC stage(C/D)                                                     126/6

\*Value expressed in median with range in parentheses.

Sites of Extrahepatic Metastases {#s3a}
--------------------------------

The sites of extrahepatic metastases of HCC are summarized in [Table 2](#pone-0095889-t002){ref-type="table"}. There were 165 extrahepatic metastatic sites in 132 HCC patients. Eight patients had widespread extrahepatic metastases all over the body. The most frequent extrahepatic metastatic sites were lymph nodes in 72 (54.5%) patients, bone in 33 (25.0%) patients and lung in 28 (21.2%) patients.

10.1371/journal.pone.0095889.t002

###### Site of extrahepatic metastases in 132 HCC patients with extrahepatic metastases.

![](pone.0095889.t002){#pone-0095889-t002-2}

  Sites                                          Patients (n = 132), n (%)
  --------------------------------------------- ---------------------------
  Lymph nodes                                            72(54.5)
  Retroperitoneal lymph node                             32(24.2)
  Porta hepatis lymph node                               15(11.4)
  Mediastinal lymph node                                  13(9.8)
  Paraaortic lymph node                                   9(6.8)
  Periceliac lymph node                                   9(6.8)
  Cervical lymph node                                     6(4.5)
  Infraclavicular lymph node                              6(4.5)
  Others[\*](#nt102){ref-type="table-fn"}                 7(5.3)
  Bone                                                   33(25.0)
  Thoracic vertebrae                                      9(6.8)
  Ilium                                                   9(6.8)
  Ribs                                                    5(3.8)
  Lumbar vertebrae                                        4(3.0)
  Sternum                                                 4(3.0)
  Others[\*\*](#nt103){ref-type="table-fn"}              18(13.6)
  Lung                                                   28(21.2)
  Peritoneum                                              7(5.3)
  Pancreas                                                5(3.8)
  Pleura                                                  5(3.8)
  Stomach                                                 4(3.0)
  Others[\*\*\*](#nt104){ref-type="table-fn"}             11(8.3)

\*including Submandibular, Mesenteric, Nasal, Iliac, Axillary and Retroauricular lymph node

\*\*including Sacrum, Skull, Clavicle, Femur, Cervical vertebrae, Scapula, Ischium and Humerus

\*\*\*including Adrenal glands, Diaphragm, Limbs, Spleen, Bladder, Brain and Duodenum.

The 72 patients with extrahepatic lymph node metastases involved 97 metastatic lymph nodes. These metastatic lymph nodes were characterized by increase in size with positive ^18^F-FDG uptake. Seven patients had widespread lymph node metastases. The most common metastatic lymph nodes were the retroperitoneal lymph nodes in 32 (24.2%) patients, followed by the porta hepatis lymph nodes and the mediastinal lymph nodes in 15 (11.4%) and 13 (9.8%) patients, respectively. Lymph node metastases, including some distant and uncommon lymph node metastases, are listed in [table 2](#pone-0095889-t002){ref-type="table"}.

Thirty-three patients (25%) had 49 bone metastases. All the bone metastases showed osteolytic destruction with positive ^18^F-FDG uptake. Five patients had widespread osseous metastases. The most frequent bone metastases were thoracic vertebrae, ilium, and ribs in 9 (6.8%), 9 (6.8%) and 5 (3.8%) patients, respectively.

Lung metastases were found in 28 (21.2%) patients. The pulmonary metastatic lesions were characterized by a dense nodule on CT with positive ^18^F-FDG uptake.

Peritoneal metastases/abdominal wall metastases were identified in 7 (5.3%) patients. Five (3.8%) patients had metastases either in the pleura or in the soft tissues of thoracic wall.

Extrahepatic metastases in the gastrointestinal tract were depicted in 10 (7.6%) patients. Specifically, metastatic lesions were found in the head of pancreas in 5 (3.8%), stomach in 4 (3.0%) and duodenum in 1 (0.8%) patients.

There were 2 (1.5%) patients with metastatic sites in the limbs. These lesions, one in left forearm and one in right proximal thigh, were characterized as soft tissue masses with positive ^18^F-FDG uptake which had not invaded into bones.

The remaining uncommon metastases which were seldomly reported were spleen (3 patients), adrenal glands and diaphragm (2 patients each), brain, bladder and uterus (1 patient each).

Prognosis of HCC patients with extrahepatic metastasis {#s3b}
------------------------------------------------------

The risk factors of overall survival for all the patients were analyzed using 13 clinical variables. [Table 3](#pone-0095889-t003){ref-type="table"} shows the results of the univariate and multivariate analyses. Four risk factors(prothrombin time, Child-Pugh grade, portal/hepatic vein invasion and lymph node metastasis) were associated with overall survival on univariate analysis (*P* = 0.039, 0.012, 0.042 and 0.036, respectively). Total bilirubin at a *p* value of 0.051 had almost reached to become a significant risk factor of overall survival. On multivariate analysis lymph node metastasis remained as the only independent risk factor of overall survival (*P* = 0.040).

10.1371/journal.pone.0095889.t003

###### Univariate and multivariate analyses of predictors of survival for the HCC patients with extrahepatic metastasis.

![](pone.0095889.t003){#pone-0095889-t003-3}

  Variables                                                          Hazard Ratio     95% CI      *P* value
  ----------------------------------------------------------------- -------------- ------------- -----------
  Univariate analysis                                                                            
  Sex (Male *vs.* Female)                                               1.137       0.630∼2.053     0.669
  Age (≤48 *vs.* \>48 years)                                            1.098       0.681∼1.772     0.701
  PS(0∼1 *vs.* 2∼4)                                                     1.876       0.793∼2.638     0.132
  Serum albumin (≤35 *vs.* \>35 g/L)                                    0.745       0.539∼1.563     0.401
  Total bilirubin(≤21 *vs.* \>21 µmol/L)                                1.683       0.997∼2.843     0.051
  Prothrombin time (≤12.8 *vs.* \>12.8 s)                               1.659       1.026∼2.682     0.039
  AFP level (≤400 *vs.* \>400 ng/mL)                                    1.047       0.620∼1.767     0.864
  Child--Pugh grade(A *vs.* B,C)                                        2.019       1.165∼3.498     0.012
  Portal/hepatic vein invasion(Yes *vs.* No)                            1.724       1.016∼2.437     0.042
  CLIP Score(0∼3 *vs.* 4∼6)                                             1.129       0.768∼2.139     0.568
  Site (lymph node *vs.* others)[\*](#nt105){ref-type="table-fn"}       1.671       1.018∼2.703     0.036
  Site (bone *vs.* others)[\*](#nt105){ref-type="table-fn"}             0.894       0.507∼1.575     0.697
  Site (lung *vs.* others)[\*](#nt105){ref-type="table-fn"}             1.001       0.563∼1.779     0.998
  Multivariate analysis                                                                          
  Site (lymph node *vs.* others)[\*](#nt105){ref-type="table-fn"}       1.878       1.025∼3.161     0.040

\*Site: site of extrahepatic metastases.

A comparison of the clinicopathological data between patients with or without lymph node metastasis revealed that the group of patients with lymph node metastasis had a significantly higher total bilirubin (*P* = 0.009), and a significantly lower alpha fetoprotein (AFP) level (*P* = 0.035). As the tumor-node-metastasis (TNM) staging is also based on lymph node metastasis, it is not surprising that there were significantly more patients with TNM stage IV in the group of patients with lymph node metastasis. There were no significant differences between the two groups in sex, age, etiology, performance status, serum albumin, prothrombin time, Child--Pugh grade, portal/hepatic vein invasion, Cancer of the liver Italian program (CLIP) Score and Barcelona clinic liver cancer (BCLC) staging ([Table 4](#pone-0095889-t004){ref-type="table"}).

10.1371/journal.pone.0095889.t004

###### Clinical profile of HCC patients with or without lymphatic metastasis.

![](pone.0095889.t004){#pone-0095889-t004-4}

  Variables                                                    Patients with lymphatic metastasis (n = 72)   Patients without lymphatic metastasis (n = 60)   *P* value
  ----------------------------------------------------------- --------------------------------------------- ------------------------------------------------ -----------
  Sex(Male/Female)                                                                56/16                                          48/12                          0.756
  Age (years) [\*](#nt106){ref-type="table-fn"}                                 48(26∼86)                                      48(26∼73)                        0.833
  Etiology(HBV/others)                                                            56/16                                          49/11                          0.667
  PS(0/1/2/3/4)                                                                42/25/4/1/0                                    27/27/4/1/1                       0.127
  Serum albumin (g/L) [\*](#nt106){ref-type="table-fn"}                      39.2(24.1∼50.3)                                39.9(24.0∼54.6)                     0.802
  Total bilirubin(µmol/L) [\*](#nt106){ref-type="table-fn"}                  16.9(7.1∼338.2)                                14.9(5.6∼255.4)                     0.009
  Prothrombin time (s) [\*](#nt106){ref-type="table-fn"}                     12.8(11.2∼22.5)                                12.6(10.4∼23.9)                     0.438
  AFP level (ng/mL) [\*](#nt106){ref-type="table-fn"}                      9.0(0.2∼1123156.0)                              79.5(1.89∼60000.0)                   0.035
  Child--Pugh grade(A/B/C)                                                       56/14/2                                         52/6/2                         0.490
  Portal/hepatic vein invasion                                                     32                                              26                           0.898
  CLIP Score(0∼3 *vs.* 4∼6)                                                       46/31                                          41/14                          0.074
  TNM stage(III/IV)                                                               0/72                                            5/55                          0.018
  BCLC stage(C/D)                                                                 69/3                                            57/3                          1.000

\*Value expressed in median with range in parentheses.

As far as possible, active treatment to control intrahepatic disease for patients with extrahepatic metastases was carried out. These treatments included liver resection (n = 28), radio-frequency ablation (RFA) (n = 15), trans-hepatic arterial chemoembolization (TACE) (n = 10) and supportive care (n = 79). There were no significant differences in the incidences of extrahepatic metastatic sites between the patients who were treated with resection/ablation of intrahepatic lesions (liver resection n = 28, RFA n = 15) when compared with those who were treated with regional therapy (TACE n = 10) or supportive care (n = 79). Sixteen patients who had lymph node metastases received liver resection (other patients had metastases at other sites). In 12 patients lymphadenectomy was also carried out. Histopathological study on the lymph nodes showed positivity in 11 patients.

The cumulative survival rates at 1- and 3-years after diagnosis of extrahepatic metastases of HCC were 34.4% and 9.3%, respectively ([Figure 1A](#pone-0095889-g001){ref-type="fig"}). The median survival was 7 months (range 1∼38 months). As the intra-hepatic lesions had been actively controlled using partial hepatectomy n = 28, or RFA n = 15, 43 patients had no active intra-hepatic lesion but they had only active extrahepatic lesions. The median survival time for patients with active intra-hepatic and extrahepatic lesions (treated by TACE or supportive care, n = 89) was 5 months (range 1∼30 months), while those with only active extrahepatic metastases (treated by partial hepatectomy or RFA) was 8 months (range 1∼38 months). The prognosis of HCC patients with active intra-hepatic lesions and extrahepatic metastases was significantly poorer than those with only active extrahepatic metastases (*P* = 0.037) ([Figure 1B](#pone-0095889-g001){ref-type="fig"}). The median survival time for patients with or without lymphatic metastasis were 5 months (range 1∼38 months) and 12 months (range 1∼30 months), respectively ([Figure 1C](#pone-0095889-g001){ref-type="fig"}). There was a significant difference between the two groups for overall survival (*P* = 0.036).

![Survival curves of HCC patients.\
(A) Overall survival of all the HCC patients after initial diagnosis of extrahepatic metastasis. The cumulative survival rates at 12 and 36 months were 34.4% and 9.3%, respectively. (B) Comparison of survival rates between patients with or without active intrahepatic lesions (solid line: with active intrahepatic lesions (n = 89), dash line: without active intrahepatic lesions (n = 43), P = 0.037). (C) Comparison of survival rates between patients with or without lymph node metastases (solid line: with lymph node metastases, dash line: without lymph node metastases, *P* = 0.036).](pone.0095889.g001){#pone-0095889-g001}

Four patients received sorafenib and they all died within 6 months of treatment. There was no patient with an isolated secondary which could be resected with an intention to cure. There were only five patients who received antiviral therapy with nucleoside analogues for a high load of hepatitis B virus (HBV-DNA\>10^4^).

Discussion {#s4}
==========

HCC is one of the most aggressive neoplasm, and extrahepatic metastases is common at the time of initial diagnosis [@pone.0095889-Chan1], [@pone.0095889-Taketomi1]. In the present study, the most frequent extrahepatic metastatic sites were lymph nodes, bone and lung. Survival analysis showed lymph node metastasis to be the only risk factor of overall survival indicating that HCC patients with lymph node metastasis had a very poor prognosis.

Previous reports have also showed that lung, abdominal lymph nodes, and bone to be the most common sites of extrahepatic metastases of HCC [@pone.0095889-Natsuizaka1]--[@pone.0095889-Tanaka1]. Several clinical studies and an autopsy study reported the incidences of HCC metastases to lung (n = 18, or 55%), to lymph nodes (n = 27, or 53%), to bone (n = 6, or 38%), and to adrenal glands (n = 8, or 15.4%) of patients with extrahepatic metastases. Sun et al indicated that the incidence of lymph node metastasis was 5.1% (49/968) in a study which evaluated the value of routine lymphadenectomy [@pone.0095889-Sun1]. However, in this study, the tumors were resectable and the lymph nodes studied were loco-regional lymph nodes. According to the study performed by the Liver Cancer Study Group of Japan, 417 of 1374 patients had lymph node metastasis (30.3%) in autopsy series [@pone.0095889-1]. All these reported series were based on conventional workup using CT, MRI, chest X-ray and bone scintigraphy, or by histopathological examination of surgically resected specimens or by autopsy. Several recently published reports which compared PET/CT with conventional medical imaging in the detection of extrahepatic metastasis of HCC concluded that ^18^F-FDG PET/CT was a better and non-invasive diagnostic tool for the detection of extrahepatic metastases. In studies on ^18^F-FDG PET/CT, only non-diabetic patients with normal range glucose should be chosen. The ^18^fluorine-fluorodeoxyglucose (^18^F-FDG) is a glucose analog which has been widely used in tumor imaging. The tumoral uptake of ^18^F-FDG is based upon enhanced glycolysis. Following administration, ^18^F-FDG is phosphorylated and trapped intracellularly which forms the basis of PET imaging. An important mechanism to transport ^18^F-FDG into the tumor cell is based upon the action of glucose transporter proteins. Furthermore, highly active hexokinase bound to tumor mitochondria helps to trap ^18^F-FDG into the cells. ^18^F-FDG uptake may be due to the relative hypoxia in tumor masses, which activate the anaerobic glycolytic pathway. In spite of these processes, ^18^F-FDG uptake is relatively non-specific since all living cells need glucose. The clinical application of ^18^F-FDG imaging is, therefore, recommended in carefully selected patients. Kim et al. showed ^18^F-FDG PET/CT to be more sensitive in the detection of extrahepatic lesions, and recommended it to be used as a screening tool for follow-up after liver transplantation (LT) for HCC [@pone.0095889-Kim1]. ^18^F-FDG PET/CT has the ability to provide additional information beyond that can be provided by conventional imaging techniques, and contributes to the clinical management of HCC patients. Our study showed that lymph nodes were the most frequent sites of metastasis and the incidence of lymph node metastasis was beyond 50%, supporting that ^18^F-FDG PET/CT has a higher sensitivity than conventional imaging techniques to detect metastasis as some lymph node metastases were negative on conventional imaging but were positive on ^18^F-FDG PET/CT. The most frequent site of lymph node metastasis was retroperitoneal lymph nodes, but not porta hepatis lymph nodes which are the regional lymph nodes draining the liver. On survival analyses, HCC patients with lymph node metastasis had a significantly worse overall survival than patients without lymph node metastasis. This result agrees with the results of the studies which have previously been reported. Lee et al. reported that lymph node metastasis was a poor prognostic factor for HCC based on the analysis of 25 operable patients diagnosed with lymph node metastasis after matching patients with and without lymph node metastasis [@pone.0095889-Lee1]. HCC with lymph node metastasis tended to be HCC of the infiltrating type, with large tumor size (\>5 cm), presence of microvascular invasion, and bad histological grade. These risk factors shortened the overall survival of the patients [@pone.0095889-Xiaohong1]--[@pone.0095889-Uka1]. In our study, the total bilirubin was much higher in the group with lymph node metastasis than in the group without. A higher total bilirubin means poorer liver function. According to the Barcelona Clinic Liver Cancer staging classification, HCC with lymph node metastasis represents an advanced tumor stage. The same is true for the TNM staging system of HCC.

In the present study, the prognosis of HCC patients with active intra-hepatic lesions and extrahepatic metastases was significantly poorer than those with only active extrahepatic metastases. For the rare patient with an isolated lung metastases, if the intra-hepatic lesion can be controlled by surgery, pulmonary metastasectomy can provide an opportunity for disease control and long-term survival [@pone.0095889-Lee2], [@pone.0095889-Sakamoto1]. Moreover, some studies reported that the prognosis of patients with intra-hepatic recurrence before lung metastases was worse than that for patients with first metastases in the lung [@pone.0095889-Yoon2], [@pone.0095889-Kitano1]. The majority of HCC patients with extrahepatic metastasis do not die of metastatic dissemination but rather die of hepatic failure due to progression of intra-hepatic HCC [@pone.0095889-Natsuizaka1], [@pone.0095889-Ochiai1]. Therefore, the majority of patients with HCC with extrahepatic metastasis should undergo locoregional treatment for the intra-hepatic HCC. In other words, the treatment of intra-hepatic HCC is almost always required to improve survival when hepatic function and extent of disease permit. It is still uncertain whether patients with lymph node metastasis could benefit from lymphadenectomy. Previous studies have shown lymphadenectomy produced little benefits but it increased the risk of postoperative complications [@pone.0095889-Sun1], [@pone.0095889-Lee1]. In our study, there were 33 patients who had two or more metastatic sites and there was no evidence to show the different metastatic sites to be mutually exclusive of each other.

There are some limitations in the present study. First, the population size of this study is relatively small, although this is the largest study from a single center. A multicenter study is needed to include more patients into such a type of study. Second, not all extrahepatic metastases had histopathologic confirmation, although the diagnosis was made by comprehensive assessment based on clinical characteristics, imaging and ^18^F-FDG PET/CT. As ^18^F-FDG PET/CT is currently the most sophisticated technique to detect metastases, despite the possibility of false positivity, it is still commonly used as a standard to diagnose extrahepatic metastasis. A systematic review and meta-analysis published recently showed the pooled estimates of sensitivity, specificity, positive likelihood ratio(LR+), and negative likelihood ratio(LR−) of ^18^F-FDG PET/CT in the detection of metastatic HCC were 76.6%, 98.0%, 14.68, and 0.28, respectively [@pone.0095889-Lin1].

In conclusion, our present study indicated that lymph node metastasis was the most frequent site of extrahepatic metastases of primary HCC. Lymph node metastasis was the main risk factor of overall survival in HCC patients with extrahepatic metastasis. Effective treatment for intra-hepatic lesions would benefit HCC patients with extrahepatic metastases.

[^1]: **Competing Interests:**The authors have declared that no competing interests exist.

[^2]: Conceived and designed the experiments: FX LW GL CQ KM. Performed the experiments: FX LW GL HH. Analyzed the data: FX GL LW. Contributed reagents/materials/analysis tools: FX LW HH PB. Wrote the paper: FX WYL LW.
